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POSITIONING SYSTEM, DEVICE, AND METHOD
FOR IN-FLIGHT REFUELING

FIELD OF THE INVENTION

[0001] The present invention relates generally to in-flight
refueling, and specifically, providing optical and/or elec-
tronic positioning devices on a first aircraft so as to provide
guidance to a manned or unmanned second aircraft such that
the first and second aircraft may be spatially positioned,
relative to one another, for in-flight refueling.

BACKGROUND OF THE INVENTION

[0002] In-flight refueling (or air-to-air refueling) is an
important method for extending the range of aircraft trav-
eling long distances over areas having no feasible landing or
refueling points. Although in-flight refueling is a relatively
common operation, especially for military aircraft, precise
positioning of a second aircraft (the receiver aircraft, for
example) with respect to a first aircraft (the tanker aircraft,
for example) is required in order to provide a safe engage-
ment of the first aircraft with the second aircraft for the
dispensing of fuel. The requirement of precise relative
spatial positioning of two rapidly moving aircraft, makes
in-flight refueling a challenging operation.

[0003] There are currently two primary systems for in-
flight refueling. One system is the boom refueling system.
The boom refueling system typically comprises a rigid boom
extended from a refueling aircraft. At one end of the boom
is a refueling nozzle and adjacent the refueling nozzle are
airfoils, which are controlled by a boom operator on the
refueling aircraft. The airfoils provide maneuverability of
the boom with respect to an aircraft that is to be refueled. For
the aircraft that is to be refueled, the second aircraft, the
operator of the second aircraft must maneuver the second
aircraft to within an in-flight refueling position, below and
aft of the first aircraft. Upon maneuvering into the in-flight
refueling position, the boom operator controls the airfoils to
position and mate the boom into a refueling connection on
the second aircraft.

[0004] Another type of refueling system is the probe and
drogue system. In the probe and drogue system, a refueling
hose having a drogue disposed on one end is trailed behind
first aircraft (the tanker aircraft). The second aircraft has a
probe that is flown by its operator into the drogue. As the
drogue typically moves away from the second aircraft as it
approaches, great skill and maneuvering ability is required
by the operator of the second aircraft to mate the probe with
the drogue. It is preferable, in the probe and drogue system,
for the second aircraft to approach and enter the in-flight
refueling position relative to the first aircraft as in the boom
system, except in this case, the operator of the second
aircraft is also responsible for “flying” the second aircraft’s
probe directly into the trailing drogue, because the drogue
lacks the control surfaces that are provided on the refueling
boom.

[0005] Thus, for both types of in-flight refueling systems,
the operator of the second aircraft must maneuver the second
aircraft to the in-flight refueling position (IFRP) and main-
tain the second aircraft’s position in the IFRP relative to the
first aircraft for the duration of the fueling operation. The
approach and positioning of the second aircraft must be
precise in order to avoid potentially dangerous areas of air
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turbulence that may be created in the wake of the first
aircraft by, for instance, the first aircraft’s engines and
control surfaces. To avoid areas of potential turbulence, the
second aircraft, in many cases, approaches the first aircraft
from the aft and from below so that it intercepts the IFRP as
described more fully herein. Thus, a positioning system for
guiding a second aircraft to the IFRP relative to a first
aircraft is needed.

[0006] Optical systems have been disclosed for position-
ing refueling drogues with respect to refueling probes
attached to receiver aircraft. As refueling drogues, however,
have proven relatively unmaneuverable, these systems have
not been operationally viable. One such optical system is
described in U.S. Pat. No. 5,326,052 to Krispin et al. Other
optical systems for positioning objects with respect to reflec-
tors and retro-reflectors have not been easily adapted for use
in all types of in-flight refueling systems. In addition, optical
landing aids, such as visual approach slope indicator (VAST)
systems, are useful for providing optical glide slope infor-
mation for aircraft approaching a fixed runway, however
such systems have not yet been successfully adapted to
position two moving objects relative to each other. Also,
radio-signal positioning systems, such as the instrument
landing system (ILS), provide radio signals to laterally
position aircraft approaching a fixed runway along a suitable
approach glide slope, but such systems are also not tailored
for use in situations where the positioning device is located
on a moving aircraft, nor where an upward glide slope is
required to guide a second aircraft up and forward into the
IFRP relative to a first aircraft (such as a tanker aircraft).

[0007] Therefore, there exists a need for an in-flight refu-
eling positioning system that provides a positioning device
to guide a second aircraft into the in-flight refueling position
with respect to a first aircraft. This need extends to in-flight
refueling operations using both a boom in-flight refueling
system and a probe and drogue in-flight refueling system.
There also exists a need for a positioning system that is
compatible with receiver devices sometimes installed in the
second aircraft and using a signal that may be recognizable
by an operator of the second aircraft. There also exists a need
for an in-flight refueling positioning system that is func-
tional in an in-flight refueling operation taking place at night
or in inclement weather.

SUMMARY OF THE INVENTION

[0008] The embodiments of the present invention satisfy
the needs listed above and provide other advantages as
described below. The present invention provides a position-
ing system, apparatus, and method adapted to facilitate the
in-flight spatial positioning of a first aircraft with respect to
a second aircraft. The positioning system comprises a posi-
tioning device carried by the first aircraft that is configured
to provide a signal adapted to be receivable by the second
aircraft. The signal is further adapted to guide the second
aircraft to an in-flight refueling position relative to the first
aircraft.

[0009] According to other advantageous embodiments,
the present invention may further comprise a receiver
device, carried by the second aircraft, wherein the receiver
device is configured to be responsive to the signal so as to
guide the second aircraft to the in-flight refueling position.
In some embodiments, the signal may further comprise glide
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slope information adapted to guide the second aircraft to the
in-flight refueling position. According to some embodi-
ments, the signal provided by the positioning device may
further comprise: radio signals, visual indicia, visible light,
and/or other visual or electronic signal types suitable to
serve as refueling guidance signals.

[0010] The embodiments of the present invention also
provide a method for facilitating the in-flight spatial posi-
tioning of a first aircraft with respect to a second aircraft.
According to some advantageous embodiments the method
comprises the steps of: sending a signal from a positioning
device carried by the first aircraft, the positioning device
being configured such that the signal it sends is receivable by
the second aircraft, and guiding the second aircraft, in
response to the signal, to an in-flight refueling position
relative to the first aircraft.

[0011] Advantages provided by embodiments of the
present invention may include, but are not limited to, the
ability to accurately guide the second aircraft into the
in-flight refueling position relative to the first aircraft in
clear visibility conditions as well as reduced visibility con-
ditions, including darkness or inclement weather. Other
advantages include the ability to provide signals to the
operator of the second aircraft that are similar to signals
provided to aircraft operators in other aviation operations,
such as landing an aircraft along an optimal glide path using
the Instrument Landing System (ILS). Embodiments of the
present invention also provide the advantage of improving
the safety and efficiency of in-flight refueling operations in
all conditions by guiding the second aircraft along a safe
intercept route, such as an upward glide slope, to an in-flight
refueling position relative to the first aircraft.

[0012] These advantages and others that will be evident to
those skilled in the art are provided in the positioning
system, device, and method of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Having thus described the invention in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:

[0014] FIG. 1 is a schematic of the in-flight refueling
position, disconnect limits, and mechanical limits of an
in-flight refueling operation with respect to a first aircraft,
serving as the tanker aircraft;

[0015] FIG. 2 is a schematic of the in-flight refueling
position superimposed upon the signal envelope provided by
the positioning device carried by a first aircraft, serving as
a tanker aircraft, according to one embodiment of the present
invention;

[0016] FIG. 3a is a top view of the in-flight refueling
position superimposed upon a schematic showing the first
aircraft relative to the second aircraft as the second aircraft
approaches the in-flight refueling position;

[0017] FIG. 3b is a side view of the in-flight refueling
position superimposed upon a schematic showing the first
aircraft relative to the second aircraft as the second aircraft
approaches the in-flight refueling position;

[0018] FIG. 4 is a side view of an in-flight refueling
positioning system according to one embodiment of the
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invention wherein the signal comprises refueling guidance
signals produced by a positioning device further comprising
first, second, and third guiding devices carried by the first
aircraft;

[0019] FIG. 4a is a schematic of a receiver device further
comprising a display configured to provide two visual
indicia in response to a refueling guidance signal emitted by
the guiding devices, wherein the visual indicia are guiding
the operator of the second aircraft to guide the second
aircraft left and downward to intercept the in-flight refueling
position;

[0020] FIG. 4b is a schematic of a receiver device further
comprising a display configured to provide two visual
indicia in response to a refueling guidance signal emitted by
the guiding devices, wherein the visual indicia are guiding
the operator of the second aircraft to guide the second
aircraft right and upward to intercept the in-flight refueling
position;

[0021] FIG. 4c is a schematic of a receiver device further
comprising a display configured to provide two visual
indicia in response to a refueling guidance signal emitted by
the guiding devices, wherein the visual indicia are indicating
that the operator of the second aircraft is in position to
intercept the in-flight refueling position;

[0022] FIG. 5 shows a schematic of one embodiment of
the positioning device comprising two lighting units
attached to the lower rear fuselage of the first aircraft;

[0023] FIG. 5a shows a positioning device comprising
two lighting units (far and near) as viewed by the second
aircraft, according to one embodiment of the positioning
system of the present invention, wherein the lighting units
indicate that the second aircraft is above the glide slope
required to intercept the in-flight refueling position;

[0024] FIG. 5b shows a positioning device comprising
two lighting units (far and near) as viewed by the second
aircraft, according to one embodiment of the positioning
system of the present invention, wherein the lighting units
indicate that the second aircraft is on the glide slope required
to intercept the in-flight refueling position;

[0025] FIG. 5¢ shows a positioning device comprising
two lighting units (far and near) as viewed by the second
aircraft, according to one embodiment of the positioning
system of the present invention, wherein the lighting units
indicate that the second aircraft is below the glide slope
required to intercept the in-flight refueling position;

[0026] FIG. 6 shows a schematic of the one embodiment
of the positioning device comprising three lighting units
attached to the lower rear fuselage of the first aircraft;

[0027] FIG. 6a shows a positioning device comprising
three lighting units (far, middle, and near) as viewed by the
second aircraft, according to one embodiment of the posi-
tioning system of the present invention, wherein the lighting
units indicate that the second aircraft is above the glide
slopes required to intercept the in-flight refueling position;

[0028] FIG. 6b shows a positioning device comprising
three lighting units (far, middle, and near) as viewed by the
second aircraft, according to one embodiment of the posi-
tioning system of the present invention, wherein the lighting
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units indicate that the second aircraft is on an upper glide
slope required to intercept the in-flight refueling position;

[0029] FIG. 6¢c shows a positioning device comprising
three lighting units (far, middle, and near) as viewed by the
second aircraft, according to one embodiment of the posi-
tioning system of the present invention, wherein the lighting
units indicate that the second aircraft is on a lower glide
slope required to intercept the in-flight refueling position;
and

[0030] FIG. 6d shows a positioning device comprising
three lighting units (far, middle, and near) as viewed by the
second aircraft, according to one embodiment of the posi-
tioning system of the present invention, wherein the lighting
units indicate that the second aircraft is below the glide
slopes required to intercept the in-flight refueling position.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] The present inventions now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which some, but not all embodiments of the inven-
tion are shown. Indeed, these inventions may be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisty
applicable legal requirements. Like numbers refer to like
elements throughout.

[0032] While the positioning system, device, and method
embodiments of the present invention are described below in
the context of in-flight refueling operations involving a first
aircraft 110 (serving as a tanker aircraft) and a second
aircraft 120 (serving as a receiver aircraft), it should be
understood that the embodiments of the present invention
may also be utilized to achieve the relative in-flight spatial
positioning of a first and second aircraft for a variety of
in-flight operations, including, but not limited to, precision
formation flying, relative positioning of aircraft for aerial
stunts, formation flying at night or in inclement weather, and
other applications requiring in-flight spatial positioning of a
first aircraft with respect to a second aircraft. It should also
be understood that the embodiments of the present invention
may also be utilized to achieve the relative in-flight spatial
positioning of a second aircraft with respect to the first
aircraft, wherein the second aircraft is a manned aircraft or
alternatively, wherein the second aircraft is an unmanned
aircraft, such as, for instance, a UAV.

[0033] As shown in FIG. 1, a schematic of the in-flight
refueling position 130 relative to the boom 114 extending
from a first aircraft 110 is shown. Also superimposed on the
schematic of FIG. 1 are the disconnect limits 140 and
mechanical limits 150 for a boom refueling system. In an
in-flight refueling operation, the second aircraft (not shown)
must be maneuvered into a position relative to the first
aircraft 110 such that a fuel receptacle (not shown) carried
by the second aircraft is within the in-flight refueling posi-
tion 130 relative to the first aircraft 110. While the second
aircraft is within the in-flight refueling position 130, a boom
operator onboard the first aircraft 110 may safely guide and
extend the boom 114 using, for instance, airfoils 118 con-
figured to “fly” the boom 114 into position such that the
boom end 116 engages the fuel receptacle and in-flight
refueling of the second aircraft may commence. If the
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second aircraft strays out of the in-flight refueling position
130, it may become necessary to disconnect the boom 114
and boom end 116 from the second aircraft in order to
prevent damage to the boom, first aircraft, and/or second
aircraft. The in-flight refueling process is typically sus-
pended by a mechanical disconnect of the boom end 116 if
the second aircraft’s refueling receptacle reaches the dis-
connect limits 140 shown schematically in FIG. 1. The
disconnect limits 140 are typically defined as a safety factor
such that the second aircraft does not approach the mechani-
cal limits 150 of the boom refueling system while still
engaged with the boom 114. At the mechanical limits 150,
if the second aircraft is still attached to the boom 114, the
boom refueling system may be damaged and a fuel leak or
accident may result. Although the in-flight refueling position
130, disconnect limits 140, and mechanical limits 150 are
shown in FIG. 1 relative to a boom refueling system, one
skilled in the art will appreciate that the in-flight refueling
position, disconnect limits, and mechanical limits shown
may also apply to probe and drogue refueling systems. One
skilled in the art will also appreciate that the size and
position of the in-flight refueling position 130 may vary
depending upon the refueling equipment (boom, probe and
drogue, or other systems) being used in a particular in-flight
refueling operation.

[0034] FIG. 2 depicts a schematic of the positioning
system according to one embodiment of the present inven-
tion including an outline of the signal envelope 200 provided
by a positioning device 112. The term “signal envelope”200
as used herein may be defined as the spatial region, typically
to the aft of and below the first aircraft 110, wherein a signal
provided by the positioning device 112 is receivable by the
operator and/or sensors of the second aircraft 120 so as to
guide the second aircraft 120 to the in-flight refueling
position 130. More particularly, the positioning device 112
is carried by the first aircraft 110 (serving as, for instance, a
tanker aircraft) so as to transmit a signal that is receivable by
the second aircraft 120 when the second aircraft 120 is
positioned within the signal envelope 200. According to
some advantageous embodiments, the positioning device
112 is attached to the first aircraft 110 on a lower surface of
a fuselage of the first aircraft so as to provide a signal
envelope 200 that extends below and aft of the first aircraft
110 as shown in FIG. 2. In other embodiments, the posi-
tioning device 112 may be attached directly to a refueling
pod that may further be attached to a wing hardpoint on a
first aircraft 110 such that the signal envelope 200 extends
below and aft of the refueling pod. In other advantageous
embodiments, the positioning device 112 may be positioned
either aft or forward of the refueling equipment so as to
provide a signal envelope adapted to provide a signal that is
receivable by operators and/or sensors of the second aircraft
120. In some embodiments, the positioning device 112 (as
further described herein) may be packaged as a removable
attachment that may be selectively attached to the first
aircraft 110. In other embodiments, the positioning device
112 may be attached in a conformal arrangement with the
fuselage of the first aircraft 110 in, for instance, recesses
defined by the fuselage of the first aircraft, 110 such that the
positioning device 112 creates minimal additional aerody-
namic drag or disturbances when the first aircraft 110 is in
flight. In other embodiments, the positioning device 112 may
be carried by the first aircraft in a variety of positions and
configurations such that the signal envelope 200 is adapted
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to enclose the in-flight refueling position 130 such that the
signals receivable by the second aircraft 120 therein may be
adapted to guide the second aircraft 120 to the in-flight
refueling position 130.

[0035] FIG. 2 also shows the center point 230 of the
in-flight refueling position as the intersection of a horizontal
indicator line 210, defined as the line passing through the
boom end 116 parallel to the line defined by connecting the
wing tips of the first aircraft 110, and a vertical indicator line
220, defined as the line passing through the boom end 116
perpendicular to the plane defined by the wingspan of the
first aircraft 110 and the longitudinal axis of the fuselage of
the first aircraft 110. In some embodiments, the positioning
device 112 is configured to provide a signal to guide the
second aircraft to the center point 230 along a glide path 340
as shown in FIG. 3b.

[0036] Also shown in FIG. 2 is the in-flight refueling
position 130. In the embodiment shown, the signal envelope
200 of the positioning device 112 is about the same breadth
as the in-flight refueling position 130, however, in some
other embodiments, the signal envelope 200 in which the
signal produced by the positioning device 112 is receivable
by the second aircraft 120, may enclose a space that is
substantially broader than the in-flight refueling position 130
so as to guide the second aircraft 120 to the in-flight
refueling position 130 even as the second aircraft 120 is
initially outside of the in-flight refueling position 130. In
other embodiments, the signal envelope 200 produced by the
positioning device 112 may be configured to have a breadth
substantially smaller than the in-flight refueling position 130
so as to decrease the total signal emissions from the posi-
tioning device 112. A signal envelope 200 having a narrower
breadth may be preferable, for instance, during military
in-flight refueling operations occurring in or near hostile
airspace wherein the signal emitted from the positioning
device 112 may reveal the position of the first aircraft 110 to
hostile aircraft or ground-based observers and/or sensors. In
other advantageous embodiments, the positioning device
112 may be configured and/or positioned such that the signal
envelope 200 produced by the positioning device 112 is
adjustable in breadth and strength. Embodiments of the
positioning device 112 having an adjustable signal envelope
200 may thus be configurable for both combat situations
where low levels of signal emissions are preferred as well as
for training situations or in-flight refueling operations in bad
weather, wherein the provision of a broad signal envelope
200 may be useful for safely guiding the second aircraft 120,
and operators thereof, into the in-flight refueling position
130.

[0037] FIGS. 3a and 3b show top and side views, respec-
tively, of an in-flight refueling operation involving a first
aircraft 110 and a second aircraft 120. FIGS. 3a and 3b also
show the in-flight refueling position 130 and the signal
envelope 200 produced by the positioning device 112
according to one embodiment of the positioning system.
FIGS. 3a and 3b also show the boom 114, airfoils 118, and
boom end 116 that are characteristic of a boom in-fight
refueling system. One skilled in the art will appreciate that
the in-flight refueling position 130 within the signal enve-
lope 200 of the positioning device 112 and system of the
present invention may also be appropriate for guiding the
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second aircraft 120 to the in-flight refueling position 130
relative to a first aircraft 110 employing a probe and drogue
in-flight refueling system.

[0038] FIG. 3a also shows a top view of an extended
centerline 310 of a fuselage of the first aircraft 110 which
serves as a lateral position from which the second aircraft
120 may approach the in-flight refueling zone 130. The
in-flight refueling zone may be defined by the signal enve-
lope 200 of the positioning device 112 carried by the first
aircraft 110. If the second aircraft 120 approaches the first
aircraft 110 along the extended centerline 310 of the first
aircraft 110, the second aircraft 120 may more likely avoid
turbulence produced by, for instance, the wings, tail,
engines, and other control surfaces of the first aircraft 110.

[0039] However, as shown in FIG. 3b, in addition to
positioning the second aircraft 120 on the extended center-
line 310 as shown in FIG. 34, the operator of the second
aircraft 120 may also approach the first aircraft 110 from
below and aft along a glide slope 340 that in some embodi-
ments is defined as a downward angle 330 with respect to the
extended centerline 310 of the first aircraft 110. In some
advantageous embodiments, the positioning system of the
present invention is configured to guide the second aircraft
120 to the in-flight refueling position 130 along a glide slope
340 having an angle 330 of about three (3) degrees. If the
second aircraft 120 approaches the first aircraft 110 along
the glide slope 340 defined by the positioning system
according to some embodiments of the present invention,
the second aircraft 120 will more likely approach the first
aircraft 110 from a position that is below an area of potential
turbulence that may be produced by, for instance, the wings,
tail, engines, and other control surfaces of the first aircraft
110. Approaching the first aircraft 110 along the glide slope
340 that extends below and aft of the first aircraft 110 may
also reduce the possibility that the second aircraft will
collide with the tail structure or rear control surfaces of the
first aircraft 110.

[0040] As shown in FIG. 4, some embodiments of the
positioning system may comprise a positioning device 112,
carried by a first aircraft 110 that further comprises a
transmitter, such as, for instance, a radio transmitter, con-
figured to provide a refueling guidance signal at a selectable
frequency such that the refueling guidance signal is adapted
to guide a second aircraft 120 to an in-flight refueling
position 130 with respect to the first aircraft 110. The
transmitter and refueling guidance signal embodiments of
the positioning system may also be provided with a receiver
device 122, carried by the second aircraft 120. The receiver
device may further comprise a receiver, such as for instance,
a radio receiver, comprising a frequency selector configured
to tune the receiver device to receive the refueling guidance
signal at the selectable frequency of the transmitter carried
by the first aircraft 110. The transmitter, according to some
embodiments, may further comprise a first guiding device
112a configured to guide the second aircraft to a vertical
plane coincident with the extended centerline 310 of the
fuselage of the first aircraft 110. The first guiding device
1124 may be configured to send a refueling guidance signal
in, for instance, the VHF frequency range. The transmitter
may also further comprise a second guiding device 112b
configured to guide the second aircraft upward along a glide
slope 340 extending below and aft of the first aircraft 110.
The second guiding device 112b may be configured to send
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a signal in, for instance, the UHF frequency range. Thus, the
refueling guidance signals provided by the first and second
guiding devices 1124, 112b may be used to provide both
lateral positioning and glide slope signals adapted to be
received by the receiver device 122 carried by the second
aircraft 120. As such, the refueling guidance signal embodi-
ments of the positioning system described above may be
adapted to guide the second aircraft 120 to the in-flight
refueling position 130 without the need for the operator
and/or sensors of the second aircraft 120 to be in visual
contact with the first aircraft 110. In addition, the refueling
guidance signals, such as, for instance, radio signals, may
provide a signal envelope 200 that extends further aft of the
first aircraft 110 than other signals that may be produced by
visible light sources, as according to other embodiments of
the positioning system. Thus the refueling guidance signal
embodiments of the positioning system may be utilized to
guide the second aircraft 120 to the in-flight refueling
position 130 once the second aircraft enters the relatively
broad signal envelope 200 provided by the first and second
guiding devices 112a-b. Also, while in some embodiments,
the first and second guiding devices 112a-b may be discrete
components carried by the first aircraft 110, they may also
be provided together and/or co-located in or on the first
aircraft 110.

[0041] As described above, a refueling guidance signal or
signals produced by, for instance, the first and second
guiding devices 112a-b, may be detectable by the receiver
device 122 carried by the second aircraft 120 after the
second aircraft has entered the signal envelope 200 of the
positioning system. In some embodiments, the receiver
device 122 carried by the second aircraft 120 may be further
configured to manipulate the refueling guidance signal so as
to provide visual indicia in response to the refueling guid-
ance signal, wherein the visual indicia are adapted to be
viewed by an operator of the second aircraft 120 via, for
instance, a display 410 as shown in FIGS. 4a-c. In some
embodiments, the receiver 122 may further comprise a
display 410 for providing the visual indicia described above.
In some advantageous embodiments, an instrument landing
system (ILS) receiver, for instance, may serve as the receiver
device 122, such that the operator of the second aircraft 120
may tune the ILS receiver to the selectable frequency or
frequencies at which the first and second guiding devices
1124, 112b are configured to provide their respective refu-
eling guidance signals. However, wherein ILS radio signals
may be adapted to guide an aircraft along a downward glide
slope to a fixed runway, the refueling guidance signal or
signals provided by the guiding devices 1124, 1125 accord-
ing to refueling guidance signal embodiments of the present
invention, may be adapted to guide the second aircraft 120
to the in-flight refueling position 130 relative to the first
aircraft 110.

[0042] FIGS. 4a-c show the display 410 of a receiver
device 122 carried by the second aircraft that is configured
to receive refueling guidance signals from the first and
second guiding devices 1124, 112b. The display 410 may be
further configured to provide visual indicia 420, 430 in
response to the refueling guidance signals, such that the
visual indicia are adapted to be received by the receiver
device 122 when the second aircraft is positioned within the
signal envelope 200 of the positioning system. The display
410 may be configured to provide vertical and horizontal
baselines, 440 and 450 respectively, with respect to which
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the visual indicia 420, 430 may be positioned to advise the
operator and/or sensors of the second aircraft 120 to guide
the second aircraft 120 to the in-flight refueling position 130.

[0043] As shown in FIGS. 4a-4c, the vertical and hori-
zontal baselines, 440, 450, respectively, show the current
vertical and horizontal position of the second aircraft with
respect to the position required to intercept the in-flight
refueling position 130. Thus, the visual indicia 420, 430
indicate the required vertical and horizontal positions of the
second aircraft with respect to the position required to
intercept the in-flight refueling position 130. As such, the
position of the visual indicia 420, 430 with respect to the
vertical and horizontal baselines 440, 450 also advise the
operator of the second aircraft as to the vertical and hori-
zontal positions to which the operator should guide the
second aircraft in order to intercept the in-flight refueling
position 130.

[0044] Referring to FIGS. 4 and 44, the visual indicia
420, 430 provided by the display 410 may further comprise,
for instance, a lateral visual indicia 420 configured to advise
the operator and/or sensors of the second aircraft 120 to
guide the second aircraft 120 to a vertical plane coincident
with the extended centerline 310 of the first aircraft. The
visual indicia may also further comprise, for instance, a
glide slope visual indicia 430 configured to advise the
operator and/or sensors of the second aircraft 120 to guide
the second aircraft 120 along a glide slope 340 having an
angle 330 extending below and aft of the first aircraft 110.
The visual indicia 420, 430 provided by the display 410 may
be configured to advise the operator and/or sensors of the
second aircraft 120 to guide the second aircraft to an in-flight
refueling position 130 relative to the first aircraft 110 as
described in the examples described below.

[0045] First, as shown in FIG. 44, the lateral visual indicia
420 may be positioned left of the vertical baseline 440 such
that the display 410 is adapted to advise the operator and/or
sensors of the second aircraft 120 to guide the second
aircraft 120 to the left to intercept the vertical plane coin-
cident with the extended centerline 310 of the first aircraft
110. Also, as shown in FIG. 44, the glide slope visual indicia
430 may be positioned below the horizontal baseline 450
such that the display 410 is adapted to advise the pilot and/or
sensors of the second aircraft 120 to guide the second
aircraft 120 downward to intercept the glide slope 340
required to safely approach the first aircraft 110 from the rear
and aft.

[0046] Second, as shown in FIG. 4b, the lateral visual
indicia 420 may be positioned right of the vertical baseline
440 such that the display 410 is adapted to advise the
operator and/or sensors of the second aircraft 120 to guide
the second aircraft 120 to the right to intercept the vertical
plane coincident with the extended centerline 310 of the first
aircraft 110. Also, as shown in FIG. 4b, the glide slope
visual indicia 430 may be positioned above the horizontal
baseline 450 such that the display 410 is adapted to advise
the operator and/or sensors of the second aircraft 120 to
guide the second aircraft 120 upward to intercept the glide
slope 340 required to safely approach the first aircraft 110
from the rear and aft.

[0047] Finally, as shown in FIG. 4c, the lateral visual
indicia 420 may be aligned with the vertical baseline 440
and the glide slope visual indicia 430 may be aligned with
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the horizontal baseline 450 such that the display 410 is
adapted to inform the operator and/or sensors of the second
aircraft 120 that the second aircraft is both: (1) aligned
laterally with the extended centerline 310 of the first aircraft
110, and (2) ascending toward the center point 230 of the
in-flight refueling position 130 defined by the boom end 116
along the glide slope 340.

[0048] Thus, using the refueling guidance signal embodi-
ments of the present invention, second aircraft 120 may be
guided to the in-flight refueling position 130 along a glide
slope 340 and laterally aligned with the extended centerline
310 of the first aircraft 110 without the operator and/or
sensors of the second aircraft having visual contact with the
first aircraft 110. For such “blind” or “instrument-only”
approaches to the in-flight refueling position 130, it may also
be advantageous to provide a third guiding device 112¢
positioned, for instance, on the boom end 116 for emitting a
refueling guidance signal to inform the operator and/or
sensors (via, for instance, a numerical display, in feet) of the
range from the second aircraft 120 to the boom end 116
extending from the first aircraft 110. The provision for a
third guiding device 112¢ may be advantageous in avoiding
collisions, for instance, between the second aircraft 120 and
the boom end 116 extending from the first aircraft 110 during
in-flight refueling operations wherein the second aircraft 120
is executing a “blind” approach to the in-flight refueling
position 130.

[0049] The refueling guidance signals provided by the
positioning device 112 according to the refueling guidance
signal embodiments of the positioning system may be fur-
ther interpreted in other ways by, for instance, a receiver
device 122 carried by the second aircraft 120. For instance,
the receiver device may provide lighting indicia, audible
voice instructions, and/or other types of visual and aural
indicia to advise the operator and/or sensors of the second
aircraft 120 to guide the second aircraft 120 to the in-flight
refueling position 130.

[0050] As shown in FIG. 5 some embodiments of the
positioning system comprise a positioning device 112 car-
ried by a first aircraft 110 configured to produce a signal that
further provides a visual indicia adapted to be viewed by the
operator and/or sensors of the second aircraft 120. Accord-
ing to the embodiments shown in FIGS. 5 and 6, the
positioning device 112 further comprises lighting units
1124-f that are configured to provide the visual indicia to
guide the second aircraft 120 along a glide slope 340 (see
FIG. 3b) extending below and aft of the first aircraft 110.
Although the lighting units 112d-f shown do not provide a
signal for lateral positioning of the second aircraft with
respect to the extended centerline 310 of the first aircraft 110
(see FIG. 3a) it should be understood that additional lighting
units could be utilized to provide a signal for lateral posi-
tioning of the second aircraft 110 relative to the extended
centerline 310 of the first aircraft 110. One skilled in the art
will appreciate, however, that operators and/or sensors of the
second aircraft 120 that receive a visual indicia from the
lighting units 112d-f as shown in the embodiments of FIGS.
5-6 will also be in visual contact with the approximate
extended centerline 310 of the first aircraft 110 as the
lighting units 112d-f of the embodiments shown are carried
by the first aircraft 110 along the approximate centerline of
the first aircraft’s 110 lower fuselage as shown in FIGS. 5-6.
Also, the lighting units 112d-f utilized in embodiments of the
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present invention may be further configured to produce
visible light and/or varying wavelengths of non-visible
energy, such as infra-red emissions and/or UV emissions
that may be received by operators and/or sensors of the
second aircraft equipped with, for instance, night-vision
equipment, IR-sensitive sensors or optics, and/or UV-sensi-
tive sensors or optics. Thus, as used herein, the term “visual
indicia” should be interpreted to include signals provided in
spectra outside the visual spectrum that may be visible to
operators and/or sensors equipped with sighting equipment
configured to convert such signals into visible indicia that lie
within the visible spectrum.

[0051] FIGS. 5a-5¢ show an embodiment of the position-
ing system of the present invention wherein the positioning
device 112 comprises light units 1124, 112f that are config-
ured to provide a signal further comprising visual indicia,
such as, for instance, colored lights, in order to advise the
operator and/or sensors of the second aircraft 120 to guide
the second aircraft 120 within the in-flight refueling position
130. In advantageous embodiments the lighting units 1124,
112f may be further configured to project a beam of visible
light comprising, for instance, a red segment in the upper
part of the beam and a white segment in the lower part of the
beam, such that the pilot and/or optical sensors onboard the
second aircraft 120 will perceive a red or white light
depending on the position of the second aircraft 120 with
respect to the lighting units 112d, 112f carried by the first
aircraft 110. In some advantageous embodiments, the visual
positioning system may include two or more lighting units
112, including a near lighting unit 1124, and a far lighting
unit 112f such that the second aircraft 120 is provided with
visual indicia from the lighting units 1124, 112f in order to
guide the second aircraft 120 along a glide slope 340 (see,
for instance FIG. 4) such that the second aircraft 120
intercepts the in-flight refueling position 130. Preferably, the
far lighting unit 112fis mounted forward of the near lighting
unit 1124 along the underside of the first aircraft 110 as
shown, for instance in FIG. 5. According to this embodi-
ment, the pilot and/or optical sensors of the second aircraft
120 may not perceive the visual indicia emitted from the
lighting units 112d, 112f until the second aircraft 120 has
entered the signal envelope 200 shown in FIG. 2. Upon
entering the signal envelope 200 the pilot and/or optical
sensors onboard the second aircraft 120 may receive visual
indicia such as, for instance, visible light emitted from the
lighting units 1124, 112f. According to some embodiments
such as that shown in FIGS. 5a-5¢, the visible light emitted
from the lighting units 1124, 112f may appear red or white
depending on the position of the second aircraft 120 relative
to the glide slope 340 suggested to safely intercept the
in-flight refueling position 130. More specifically, FIGS.
5a-5c show the lighting units 1124, f as seen from the second
aircraft 120 approaching the first aircraft 110 from within the
signal envelope 200 from several different angular positions.

[0052] First, FIG. 5a shows the appearance of red visible
light being emitted from both the near 1124 and far 112f
lighting units, indicating to the operator and/or sensors of the
second aircraft 120 that the second aircraft 120 is positioned
above the glide slope 340 that is outlined for safely inter-
cepting the in-flight refueling zone 130. The appearance of
red visible light is due to the split visible light beam
configuration of the lighting units 1124, f according to some
advantageous embodiments of the positioning system,
wherein the visible light emitted from the lighting units
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further comprises a red segment in the upper part of the
visible light beam and a white segment in the lower part of
the visible light beam.

[0053] Second, FIG. 5b shows the appearance of white
visible light emitted from the near lighting unit 1124 and red
visible light emitted from the far lighting unit 112f, indicat-
ing that the second aircraft 120 is positioned on the glide
slope 340 that is optimal for safely intercepting the in-flight
refueling zone 130. This lighting configuration is receivable
by the operator and/or sensors of the second aircraft 120
only when the second aircraft is positioned so as to receive
the lower white visible light from the near lighting unit 1124
and the higher red visible light from the far lighting unit
112f.

[0054] Finally, FIG. 5c¢ shows the appearance of white
visible light emitted from both the near and far lighting units
1124, 112f, indicating that the second aircraft 120 is posi-
tioned below the glide slope 340 that is optimal for safely
intercepting the in-flight refueling zone 130. The appearance
of white visible light is due to the split visible light beam
configuration of the lighting units 1124, f according to some
advantageous embodiments of the positioning system,
wherein the visible light emitted from the lighting units
further comprises a red segment in the upper part of the
visible light beam and a white segment in the lower part of
the visible light beam.

[0055] FIG. 6 shows another possible embodiment of the
positioning system of the present invention wherein the
positioning device further comprises three lighting units
1124, 112¢, 112f that are configured to provide a signal
further comprising visual indicia, such as, for instance,
colored lights, in order to advise the operator and/or sensors
onboard the second aircraft 120 to guide the second aircraft
120 to within the in-flight refueling position 130. In the
embodiment shown in FIG. 6, the positioning device 112
further comprises three lighting units 112d-f'so as to provide
more precise glide slope information such as, for instance,
whether the second aircraft 120 is approaching the in-flight
refueling position along a low or high glide slope 340. In this
instance, instead of a single glide slope 340, the lighting
units 1124-f may provide multiple glide slopes wherein each
different glide slope may be suitable for use in-flight refu-
eling operations involving second aircraft 120 having a
refueling receptacle located in various positions relative to
the position of the operator and/or sensors of the second
aircraft 120. As shown in FIG. 6, the lighting units 112d-f
may be carried by the first aircraft along the centerline of the
fuselage of the first aircraft 110 so as to provide visual
indicia to the operator and/or sensors of the second aircraft
120 when the second aircraft 120 is positioned within the
signal envelope 200 of the positioning system.

[0056] As shown in some previous embodiments, the
positioning device may further comprise near and far light-
ing units 1124 and 112f, respectively. Other embodiments of
the positioning system, such as that shown in FIGS. 6a-6d
may add, for instance, a third, middle lighting unit 112¢
which increases the complexity of the glide slope informa-
tion that may be provided by the positioning device 112 to
the operator and/or sensors of the second aircraft 120 by
providing, for instance, two possible glide slope paths to
intercept the in-flight refueling position 130. Also, the
lighting units 112d,e,f may be further configured, as
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described above, to project a beam of visible light compris-
ing, for instance, a red segment in the upper part of the beam
and a white segment in the lower part of the beam, such that
the pilot and/or optical sensors onboard the second aircraft
120 may perceive a red or white light depending on the
position of the second aircraft 120 with respect to the
lighting units 112d,e,f carried by the first aircraft 110.

[0057] FIG. 6a shows red visible light being emitted from
the near 1124, middle 112¢, and far 112f lighting units,
indicating that the second aircraft 120 is positioned above
any possible glide slope 340 for safely intercepting the
in-flight refueling zone 130. The red visible light visible
from all three lighting units 112e-f may indicate to the
operator and/or sensors of the second aircraft 120 that the
second aircraft 120 is positioned too high with respect to the
first aircraft 110 and may be in danger of encountering
turbulence from the control surfaces of the first aircraft 110
and/or colliding with, for instance, the tail section of the first
aircraft 110. The appearance of red visible light is due to the
split visible light beam configuration of the lighting units
1124, e, f according to some advantageous embodiments of
the positioning system, wherein the visible light emitted
from the lighting units further comprises a red segment in
the upper part of the visible light beam and a white segment
in the lower part of the visible light beam.

[0058] FIG. 6b shows the appearance of white visible
light emitted from the near lighting unit 1124 and red visible
light emitted from the middle and far lighting units 112¢ and
112f, respectively, indicating that the second aircraft 120 is
positioned on an upper glide slope 340 that is appropriate,
and slightly high, for safely intercepting the in-flight refu-
eling zone 130. This lighting configuration is receivable by
the operator and/or sensors of the second aircraft 120 only
when the second aircraft is positioned so as to receive the
lower white visible light from the near lighting unit 112d and
the higher red visible light from the middle and far lighting
units 112e and 112f. The approach path indicated by the
lighting units 112d-f shown in FIG. 6b may be appropriate
for, for instance, a second aircraft 120 having an in-flight
fueling receptacle (or probe, in the case of probe and drogue
embodiments) that is located forward and below the arca
where the operator and/or sensors of the second aircraft 120
are located.

[0059] FIG. 6¢ shows the appearance of white visible
light emitted from the near and middle lighting units 1124
and 112e, respectively, and red visible light emitted from the
far lighting unit 112f, indicating that the second aircraft 120
is positioned on a lower glide slope 340 that is appropriate,
and slightly low, for safely intercepting the in-flight refuel-
ing zone 130. This lighting configuration is receivable by the
operator and/or sensors of the second aircraft 120 only when
the second aircraft is positioned so as to receive the lower
white visible light from the near and middle lighting units
1124 and 112¢ and the higher red visible light from the far
lighting unit 112f The approach path indicated by the
lighting units 112d-f shown in FIG. 6b may be appropriate
for, for instance, a second aircraft 120 having an in-flight
fueling receptacle (or probe, in the case of probe and drogue
embodiments) that is located above and behind the area
where the operator and/or sensors of the second aircraft 120
are located.

[0060] FIG. 6d shows white visible light being emitted
from the near 1124, middle 112¢, and far 112f lighting units,
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indicating that the second aircraft 120 is positioned below
any possible glide slope 340 for intercepting the in-flight
refueling zone 130. The white visible light visible from all
three lighting units 112e-f may indicate to the operator
and/or sensors of the second aircraft 120 that the second
aircraft 120 is positioned too low to intercept the in-flight
refueling position 130 and to properly engage, for instance,
the boom 114 or hose and drogue, of the first aircraft 110.

[0061] According to other advantageous embodiments,
the positioning device 112 may further comprise a lighting
unit wherein the visible light emitted from the lighting unit
further comprises, for instance, a triple split beam arrange-
ment as follows: a red segment in the upper part of the
visible light beam, a green segment in the center part of the
visible light beam, and an amber segment in the lower part
of the visible light beam. In this embodiment, the position-
ing device 112 may be carried by the first aircraft 110 such
that the visible light emitted from the lighting unit is
receivable by the second aircraft when it is positioned within
the signal envelope 200 of the lighting unit. Further, in this
embodiment, the operator and/or sensors of the second
aircraft may perceive, for instance: (1) a red visible light
emitted from the lighting unit if the second aircraft is
positioned above the glide slope 340 defined to intercept the
in-flight refueling position 130, (2) a green visible light
emitted from the lighting unit is the second aircraft is on the
glide slope 340 defined to intercept the in-flight refueling
position 130, or (3) an amber visible light emitted from the
lighting unit if the second aircraft is positioned below the
glide slope 340 defined to intercept the in-flight refueling
position 130.

[0062] In other advantageous embodiments, the position-
ing system may comprise a positioning device 112 config-
ured to produce visible light of a single color, that, for
instance, appears to pulsate at varying frequencies depend-
ing on the relative position of the second aircraft 120 with
respect to the glide slope 340 defined to intercept the
in-flight refueling position, so that the second aircraft 120
may be guided to the recommended glide slope 340 in
response to the pulsating visible light signal.

[0063] Further, according to some advantageous embodi-
ments of the positioning system of the present invention, the
positioning device 112 may comprise both the transmitter
(including first, second, and third guiding devices 112a-¢) as
well as the lighting units 112e-f in order to provide a
plurality of signal types adapted to be received by the second
aircraft 120 in order to guide the second aircraft to the
in-flight refueling position 130 relative to the first aircraft
110.

[0064] For instance, the guiding devices 112a-c of the
refueling guidance transmitter according to one embodiment
of the positioning system, may be provided with a broader
and longer range signal envelope such that the guiding
devices 112a-c are adapted to guide the second aircraft 120
towards the in-flight refueling position 130 even if the first
and second aircraft 110, 120 are separated by, for instance,
a weather pattern or natural light condition that obscures
visibility between the two aircraft. The lateral and glide
slope signals provided by the first and second guiding
devices 1124, 112b respectively, may be received by the
second aircraft to execute a “blind” or “instrument”
approach to the in-flight refueling position relative to the
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first aircraft 110 using for instance, the receiver device 122
and associated display 410 carried by the second aircraft
120.

[0065] As the second aircraft approaches the IFRP 130
using the refueling guidance signals emitted by the guiding
devices 112a-c visibility between the first and second air-
craft may be restored such that the operator and/or sensors
of the second aircraft 120 may receive visible light from the
lighting units 112e-f carried by the first aircraft 110. Once
the lighting units 112e-f are visible to the second aircraft 120
(which may occur, for instance, as the second aircraft enters
the generally smaller signal envelope 200 of the lighting
units 112e-f) the lighting units are adapted to guide the
second aircraft along a glide slope 340 to safely intercept the
in-flight refueling zone 130 and subsequently safely engage
the boom end 116 to commence in-flight refueling opera-
tions (or in alternate embodiments, the drogue to commence
in-flight refueling operations).

[0066] Referring again to FIGS. 34-3b a method for
facilitating in-flight spatial positioning of a first aircraft 110
with respect to a second aircraft 120 is described. One step
comprises sending a signal from a positioning device 112
carried by the first aircraft 110, wherein the positioning
device 112 is further configured such that the signal is
adapted to be receivable by the second aircraft 120. An
additional step comprises guiding the second aircraft 120, in
response to the signal, to an in-flight refueling position 130
relative to the first aircraft 110. According to other embodi-
ments of the method of the present invention, the operator of
the second aircraft 120 may receive the signal and be
advised to guide the second aircraft 120 to the in-flight
refueling position 130.

[0067] Many modifications and other embodiments of the
invention will come to mind to one skilled in the art to which
this invention pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the invention
is not to be limited to the specific embodiments disclosed
and that modifications and other embodiments are intended
to be included within the scope of the appended claims.
Although specific terms are employed herein, they are used
in a generic and descriptive sense only and not for purposes
of limitation.

1. A positioning system adapted to facilitate in-flight
spatial positioning of a first aircraft with respect to a second
aircraft, the positioning system comprising:

a transmitter carried by the first aircraft and configured to
wirelessly provide a radio signal receivable by the
second aircraft, the transmitter being further configured
such that the radio signal is adapted to define a signal
envelope that contains an in-flight refueling position, so
as to guide the second aircraft to the in-flight refueling
position relative to the first aircraft, the transmitter
comprising:

a first guiding device configured to provide a first radio
signal component in a first frequency range defining
a vertical plane coincident with a predefined portion
of the first aircraft, the first guiding device being
further configured to provide a signal defining a
lateral position of the second aircraft relative to the
vertical plane; and
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a second guiding device configured to provide a second
radio signal component in a second frequency range
defining a glide slope extending below and aft of the
first aircraft, the second guiding device being further
configured to provide a signal defining a vertical
position of the second aircraft relative to the glide
slope.

2-3. (canceled)

4. A positioning system according to claim 1, further
comprising a receiver device carried by the second aircraft,
the receiver device being configured to be responsive to the
radio signal so as to guide the second aircraft to the in-flight
refueling position.

5. A positioning system according to claim 4, wherein the
transmitter is configured to provide the radio signal at a
selectable frequency and wherein the receiver device com-
prises a receiver comprising a frequency selector configured
to tune the receiver device to receive the radio signal at the
selectable frequency.

6. (canceled)

7. A positioning system according to claim 1, wherein the
second guiding device is further configured to provide a
glide slope that extends about three degrees down from the
centerline of the fuselage of the first aircraft.

8. A positioning system according to claim 1, wherein the
receiver device is configured to manipulate the radio signal,
and wherein the receiver device further comprises a display
such that the visual indicia is adapted to be viewed by an
operator of the second aircraft so as to advice the operator
to guide the second aircraft to the in-flight refueling position.

9. (canceled)

10. A positioning system according to claim 1, further
comprising at least one lighting device for generating a
visual indicia adapted to be viewed by an operator of the
second aircraft so as to advice the operator to guide the
second aircraft to the in-flight refueling position.

11. A positioning system according to claim 10, wherein
the at least one lighting device further comprises a split-
beam lighting device, the split-beam lighting device being
configured to provide color-coded visual indicia adapted to
be viewed by an operator of the second aircraft so as to
advice the operator to guide the second aircraft to the
in-flight refueling position.

12. (canceled)

13. A positioning device adapted to facilitate in-flight
spatial positioning of a first aircraft with respect to a second
aircraft, the positioning device being carried by the first
aircraft and comprising:

a transmitter configured to provide a radio guidance
signal, the radio guidance signal being adapted to be
received by the second aircraft, the transmitter being
further configured such that the radio guidance signal is
adapted to define a signal envelope that contains an
in-flight refueling position, so as to guide the second
aircraft to the in-flight refueling position relative to the
first aircraft, the transmitter comprising:

a first guiding device configured to provide a first radio
signal component in a first frequency range defining
a vertical plane coincident with a predefined portion
of the first aircraft, the first guiding device being
further configured to provide a signal defining a
lateral position of the second aircraft relative to the
vertical plane; and

a second guiding device configured to provide a second
radio signal component in a second frequency range
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defining a glide slope extending below and aft of a
rear portion of the fuselage of the first aircraft, the
second guiding device being further configured to
provide a signal defining a vertical position of the
second aircraft relative to the glide slope.

14. (canceled)

15. A positioning device according to claim 13, wherein
the second guiding device is further configured to provide a
glide slope that extends about three degrees down from the
centerline of the fuselage of the first aircraft.

16. A positioning device according to claim 13, wherein
the transmitter is further configured to provide the radio
guidance signal at a selectable frequency.

17. A positioning device adapted to facilitate the in-flight
spatial positioning of a first aircraft with respect to a second
aircraft, the positioning device being carried by the first
aircraft, and comprising:

a split beam lighting device operable engaged with an
outer surface of the first aircraft and configured to
provide color-coded visual indicia adapted to be
viewed by an operator of the second aircraft when the
second aircraft is located within a signal envelope
defined by the split beam lighting device, wherein the
color-coded visual indicia conveys information related
to guidance of the second aircraft relative to the first
aircraft.

18-19. (canceled)

20. A positioning device according to claim 17, wherein
the lighting device is further configured to provide a light
visible to the human eye.

21. A positioning device according to claim 17, wherein
the lighting device is further configured to provide a light
within the infra-red spectrum.

22. A method for facilitating in-flight spatial positioning
of a first aircraft with respect to a second aircraft, the method
comprising:

transmitting a lateral positioning radio signal in a first
frequency range defining a vertical plane coincident
with a predefined portion of the first aircraft, the lateral
positioning radio signal also defining a lateral position
of the second aircraft relative to the vertical plane; and

transmitting a glide slope positioning radio signal in a
second frequency range defining a glide slope extend-
ing below and aft of a rear portion of the fuselage of the
first aircraft, the glide slope positioning radio signal
also defining a vertical position of the second aircraft
relative to the glide slope;

receiving the lateral positioning radio signal and the glide
slope positioning radio signal at the second aircraft; and

guiding the second aircraft, in response to the lateral
positioning radio signal and the glide slope positioning
radio signal, to the in-flight refueling position relative
to the first aircraft.

23. (canceled)

24. A method according to claim 22, further comprising
transmitting visible light from a lighting device carried by
the first aircraft.

25. A method according to claim 22, further comprising
transmitting color-coded visual indicia from a split-beam
lighting device carried by the first aircraft.
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